ABSTRACT Because dietary nitrogen intake affects nitrogen content in manure, diet management has been recognized as a means to reduce ammonia emissions from poultry operations. The objectives of the present research were 1) to determine the extent to which the CP content of laying diets can be reduced, based on performance criteria, and 2) to determine how ash:nitrogen ratios of manure, eggs, and hens are affected by dietary protein changes. Egg-type hens were fed equal daily amounts of essential amino acids in diets that provided 13, 15, or 17 g of protein/d. Each diet was fed to 20 hens, with 2 hens/cage. The planned digestible lysine intake was 0.71 g/hen per day. Ratios of other digestible amino acids to lysine were methionine plus cysteine, 0.83; threonine, 0.68; and isoleucine, 0.94. The experiment began when hens were 29 wk old and continued until they were 57 wk old. Egg production averaged approximately 90%, and daily protein intake caused no effects on egg production or grams of egg per hen per day. Feed intake was higher for hens fed 13 g of protein than for hens in the other 2 treatments (P < 0.01). Average feed intake for the experiment was approximately 95 g/d. Composition of the eggs was not affected by protein intake. Average values were DM, 30.5%; ash, 31.0% of DM; and nitrogen, 6.31% of DM. The average manure DM production was 25.9 g/hen per day, with an ash content of 25.5% of DM. Manure nitrogen content ranged from 3.98% of DM for hens fed 13 g of protein to 5.68% for those fed 17 g of protein (P < 0.01). A method is outlined that uses the analysis of fresh manure and manure leaving the poultry operation to estimate the loss of nitrogen as ammonia.
INTRODUCTION
Nitrogen and its derivative compounds have positive and negative effects on animal and poultry health. Nitrogen accounts for about 80% of the gas in our atmosphere. Legumes, with the help of bacteria, can capture some of the nitrogen, reduce it to ammonia, and incorporate it into amino acids (Postgate, 1998) . Poultry can digest protein to provide the amino acids needed for maintenance or for producing new proteins for growth or egg production. Less than half of the nitrogen in amino acids that poultry consume in their diet is incorporated into protein. The remaining nitrogen is not digested or is metabolized to urinary products that are excreted in the manure. Until the moisture content of the manure is decreased to an appropriate level, microorganisms metabolize nitrogen compounds in the manure and release ammonia.
Ammonia can have negative effects on bird health. In poultry houses, the performance of birds is decreased by excessive ammonia concentrations. When broiler chicks were exposed to 100 or 200 ppm of ammonia, their rate of BW gain was decreased and mortality was increased (Reece et al., 1980) . Ready-to-lay pullets that were exposed to 200 ppm of ammonia for 17 d ate less feed and gained less BW than control pullets (Deaton et. al., 1984) . By 57 d after treatment, the treated birds were comparable with the control birds. Specific effects of high ammonia concentrations are on eye and respiratory tract tissues (Charles and Payne, 1966; Nagaraja et al., 1983) .
Humans who work in poultry houses would presumably be affected the same as birds, except that the exposure would not be for as many hours per day. In addition, other humans may be indirectly affected by ammonia emitted from poultry houses. Ammonia reacts with sulfur oxides and nitrogen oxides in the air to form ammonium sulfate and ammonium nitrate (Renard et al., 2004 ). These contribute to particle formation in the air and acid rain. Statistical models have related the negative effect of increasing particulate matter on human health (Samet et al., 2000) .
Because atmospheric ammonia causes negative effects and because more than half of the atmospheric ammonia originates from confined housing for animals (McCubbin et al., 2002) , research has sought ways to reduce ammonia emissions. Manure stored in the pit of high-rise layer houses loses more of its nitrogen as ammonia than does manure that is removed more often by belts (Liang et al., 2005) . Based on modeling, feeding a diet with reduced nitrogen content also is a cost effective way to reduce the effects of ammonia on human health (McCubbin et al., 2002) . Lower dietary nitrogen for layers is known to reduce the nitrogen content in the manure (Summers, 1993; Blair et al., 1999) .
Regulations that producers are able to comply with are still being developed. One finding of a committee that studied air emissions (NRC, 2002) was that data from individual animal feeding operations are needed to understand the health and environmental impacts. A second finding was that direct measurement of air emissions from animal feeding operations is very expensive and is not feasible for most operations. An indirect approach for laying hens was based on ratios of nitrogen and ash (Keener et al., 2002; Keener and Zhao, 2008) . Both ash and nitrogen are provided in the feed and are used to make eggs. Whatever is not incorporated into eggs is excreted in manure. Ash is not volatile, and the intake from feed should equal the output in eggs and manure. However, nitrogen is volatile; therefore, the amount of feed nitrogen that cannot be accounted for in eggs and manure is assumed to have been lost as ammonia. Using ash:nitrogen ratios to estimate ammonia release costs less than measuring ammonia emission directly.
The objectives of the present research were to determine the extent to which the CP content of laying hen diets can be reduced, based on performance criteria, and to determine how ash:nitrogen ratios are affected by dietary protein changes.
MATERIALS AND METHODS

Diets
An important assumption in planning this research was that hens need a specified amount of limiting essential amino acids each day, regardless of the protein intake. Because protein synthesized by hens is mostly for eggs, the amino acid profile of eggs was used to develop the amino acid profile for the diets (Posati and Orr, 1976) . The amino acid content of whole edible egg and the ratio of other amino acids to lysine are given in Table 1 . Although sulfur amino acids are usually first limiting in a layer diet that is mostly corn and soybean meal, lysine was chosen as the basis for calculating ratios for the other amino acids. The daily amount of total lysine selected was 0.78 g. By using digestion coefficients (NRC, 1994) , the daily amount of digestible lysine for a corn-soybean meal diet was calculated as 0.71 g. The same ratios of amino acids that are in whole egg were used in the diets, except for threonine, for which experimental results have indicated a lower amount is adequate (Faria et al., 2002) . Based on a daily intake of 0.71 g of digestible lysine and the ratio of amino acid to lysine, daily required intakes of possible limiting amino acids were calculated (Table 1) .
This research did not attempt to determine if the amino acid profile of eggs was the correct profile to use for laying feed. It should be noted that the egg profile required the use of supplemental isoleucine and valine in the lower protein diets in addition to the other limiting amino acids.
The 3 treatments in this experiment were 13, 15, or 17 g of protein/hen per day. All diets were fed ad libitum. Each diet supplied the amounts of essential amino acids specified under the heading of "Digestible amino acids in feed" shown in Table 1 . The procedure for supplying grams of nutrients per hen per day is explained Posati and Orr (1976) . 2 Egg amino acids/0.820. 3 The same ratios of amino acids that are in whole egg were used in diets, except for threonine, for which experimental results indicate a smaller amount is adequate (Faria et al., 2002) . 4 (Ratio of feed amino acids:lysine)(0.71).
in NRC (1994) . The compositions of diets that provided the correct daily amount of amino acids in 13 g of protein for daily intakes of 90 and 110 g of feed are shown in Table 2 . Amino acids came from corn, soybean meal, and supplemental amino acid sources. Diets that provided the correct amount of amino acids in 17 g of protein for daily intakes of 90 and 110 g of feed are also shown in Table 2 . Amino acids came from corn, soybean meal, corn gluten meal, and supplemental amino acid sources. The diets shown in Table  2 could be combined in different proportions to make all the experimental diets. As an example, assume the diets were for hens eating 100 g/hen per day. To obtain the correct diet with 13 g of CP/d, half of the diet for 90 g of feed was blended with half of the diet for 110 g of feed. To obtain the correct diet with 17 g of CP/d, half of the diet for 90 g of feed was blended with half of the diet for 110 g of feed. To obtain the correct diet with 15 g of CP/d, half of the diet for 13 g of CP/d for hens eating 100 g of feed was blended with half of the diet for 17 g of CP/d. Daily intake of other nutrients was planned at 3.75 g of calcium and 0.25 g of nonphytate phosphorus. Energy content of the diets was not specified, but diets for similar daily feed intake had similar ME content.
All diets were prepared every 28 d. The decision regarding the diets for the first 28-d period was based on the feed intake from the 14 previous days. For the second and subsequent 28-d periods, the diets were based on the feed intake from the previous 28-d period. Samples of each diet were collected for the determination of ash and nitrogen content. Expected and actual feed intakes for each period are shown in Table 3 .
Data Collection
Sixty hens were included in this experiment. Two hens, approximately 29 wk of age, were randomly placed in each cage. Ten cages (20 hens) were randomly assigned to each dietary treatment that was to provide 13, 15, or 17 g of protein/d. For all criteria, each cage was an experimental unit. The number of eggs per cage was recorded each day and summarized by 28-d periods. Feed intake was determined by 28-d period. Hens were also weighed at the beginning of the experiment and at the end of each period. For 1 d at approximately the middle of each 28-d period, data were collected from a balance trial. Manure from each cage was collected in a pan lined with plastic and containing approximately 1 cm of a dilute solution of acetic acid (97% water and 3% glacial acetic acid). The purpose of the solution was to kill microorganisms present in the manure to prevent manure nitrogen loss as ammonia emission. Manure from the digestion trial was dried by moving air across the pans with fans in a room with a dehumidifier. The validity of this procedure was tested by collecting manure samples from 6 cages on 2 consecutive days. Manure samples from 1 d were freeze-dried. Manure samples from the other day were air-dried as described previously. After drying, samples were weighed, stored in plastic, and frozen until analyzed for ash (method 942.05) and nitrogen (method 990.03; AOAC, 2000) .
Eggs from each cage were collected on the same day that the digestion trial began. Egg weight was determined by averaging the weight of the 2 eggs that were usually collected from each cage. One egg from each cage was used to determine interior egg quality and weights of the yolk and shell. Albumen weight was determined by the difference. Six of the remaining eggs from each treatment were randomly selected, divided in half, and then broken into containers to determine DM, ash, and nitrogen content.
Six birds were randomly selected for carcass analysis at the beginning of the experiment. They were frozen until they were ground and analyzed (Latshaw, 2008) . Six hens were also collected at the end of the experiment. Hens from the cage that was closest to the average BW for each treatment were analyzed.
Statistical Analysis
Data were collected from 7 periods of 28 d. The repeated-measures option of the MIXED procedure with the least squares means statement (SAS Institute, 1996) was used for analysis of the results, with cage as the repeated measure. The probability of a significant effect is provided with the results.
Polynomial contrasts were also examined for daily protein intake results. A significant linear contrast indicated that the result from the 13 g of protein intake was different from the result from the 17 g of protein intake. A significant quadratic contrast indicated that the result from 15 g of protein intake was different from the result of the average of the 13 g of protein and the 17 g of protein intake.
Bird Care
The bird care procedures used in this experiment were approved by the Ohio State University animal care committee.
RESULTS AND DISCUSSION
Effect of Diets on Hen Performance
Ash and nitrogen intake for each period are provided in Tables 3 and 4 . The expected feed intake per hen for the first period was 90 g/d. Hens fed the diet with 13 g of protein ate more feed than those fed diets with 15 or 17 g of protein (P < 0.01). During each period, feed intake was generally higher for hens fed the 13 g of protein diet. Daily ash intake was approximately 13 g. Period of the experiment had a significant effect on feed intake, ash intake, and nitrogen intake (P < 0.01). In this research, average feed intake for hens fed 15 or 17 g of protein/d was approximately 93 g. That amount is similar to feed intake reported for a commercial layer operation (Yang et al., 2000) . From that research, average CP of the diet was 15.6%, average egg production was 70.1%, and average egg output was 42.8 g/d. Experiments that have examined ways to improve nitrogen utilization have had average feed intakes of 115 g (Summers, 1993) and 140 g (Blair et al., 1999) per hen per day.
The data in Table 5 show that protein content of the diet did not affect rate of egg production, egg mass per day, or ash and nitrogen retention. The retention of ash was approximately 5 g and the retention of nitrogen was approximately 1 g. The DM of whole eggs was approximately 30.5%, ash content of the DM was approximately 31%, and nitrogen content of the DM was approximately 6.31%. Period of the experiment had a significant effect (P < 0.01) on all criteria shown in Table 5 .
The composition of the egg was not affected by protein intake (Table 6 ). Shell was slightly more than 10% of the egg, yolk was approximately 25%, and albumen was slightly less than 65%. Interior quality, as measured by Haugh units, was not affected by protein intake. A significant difference was found in egg composition in the various periods. Yolk, as a percentage of the whole egg, increased with time, and albumen percentage decreased. Interior quality also decreased with time.
Treatment did not affect bird BW. The average BW at the beginning of the experiment was 1.303 ± 0.029 2 There were 210 observations in the experiment. Ten cages of hens were fed each protein diet, and data were collected for 7 periods.
3 Linear effect (P < 0.01). 4 Quadratic effect (P < 0.01). kg. At the end of the experiment, the average BW was 1.436 ± 0.026 kg. Body composition, as a percentage of DM, was as follows: beginning of the experiment, 58.8 ± 1.71 protein, 30.8 ± 1.14 fat, and 10.2 ± 0.40 ash; end of the experiment, 58.7 ± 1.88 protein, 31.0 ± 0.96 fat, and 10.5 ± 0.44 ash.
Effect of Diets on Manure Ash:Nitrogen Ratio
Nitrogen content of the manure was similar for freezedried manure and manure dried as described earlier. For freeze-dried manure, the nitrogen content was 4.92% of DM; for manure collected in dilute acid and air-dried, the nitrogen content was 4.87%.
The daily amount of manure DM was less (P < 0.02) from hens fed 15 g of protein than from those fed 13 or 17 g of protein.
Manure ash, as a percentage of DM, showed a linear decrease (P = 0.02) with an increase in dietary protein. Increasing dietary protein increased manure nitrogen (P < 0.01) and caused a quadratic (P = 0.02) and linear (P < 0.01) decrease in the ash:nitrogen ratio. Significant changes in all criteria in Table 7 occurred over time (P < 0.01).
The results from this controlled experiment extend the possibility of using the ash:nitrogen ratio for estimating nitrogen lost as ammonia from commercial layer facilities (Keener et al., 2002; Keener and Zhao, 2008) . With their model, ash serves as an internal marker (Pond et al., 2005) . When an internal marker is used, total manure collection is not needed. 3 Quadratic effect (P = 0.02). 4 Linear effect (P = 0.02). 5 Linear effect (P < 0.01).
Because ash is absorbed, it does not fit the definition of an internal marker as it goes through the digestive process. After the digestive process is completed, however, ash fits the definition of an internal marker because minerals are not lost into the air as gases.
This fact provides the possibility of another way to use the ash:nitrogen ratio for calculating ammonia loss from hen manure. All the nitrogen that is available for conversion to ammonia is present in fresh manure; therefore, it is not necessary to measure nitrogen balance in feed and eggs. The problem is to determine the total nitrogen excreted, which can be done by multiplying nitrogen content of the DM by DM excreted.
A sample calculation helps explain how this information can be obtained and used. The data in Table 7 show that hens fed 15 g of protein/d produced 25.0 g of dry manure. The manure contained 24.9% ash and 4.85% nitrogen, for a ratio of 5.14. Feed consumption of 92.2 g/d in this experiment is similar to feed consumption of 93 g/d in a commercial layer operation with high-rise houses (Yang et al., 2000) . The authors' results listed the production of 17.3 g of DM/d, which indicates a considerable loss of organic compounds while the manure was in the deep pit. In our experiment, the total ash in the manure was 6.23 g/d. If that amount is present in only 17.3 g of manure, the ash concentration is 36.0%. Provided no loss of nitrogen in ammonia occurs during storage, the ash:nitrogen ratio should still be 5.14, for a nitrogen content of 7.00%. The difference between the determined nitrogen content of the stored manure and the expected nitrogen content is the amount of nitrogen lost as ammonia.
Some suggestions follow for using this information to estimate the loss of ammonia accurately while minimizing the cost and effort of doing so. To use this method, fresh manure and stored manure should be analyzed for DM, ash, and nitrogen. Fresh manure should be sampled several times a year, representing the range of diets fed during the production year. Manure from high-rise houses should be sampled at the time the houses are cleaned, and the total amount of manure should be determined. From belt-collected operations, samples should be collected periodically and the total amount of manure should be determined. Once baseline data are obtained from a poultry operation, results from subsequent years should be similar.
If the balance method is used, which includes feed, eggs, and manure, the present research provides reference information about ash and nitrogen contents. Values for eggs are similar to those that have been published previously (Yang et al., 2000; Keener et al., 2002) . Nitrogen content in fresh manure from hens fed 13, 15, or 17 g of protein/d are included. In this experiment, the average BW gain of hens was 0.133 kg. If the assumed body protein content is 20%, the gain in nitrogen is more than likely offset by the loss of feathers that normally occurs. Because the total amount of nitrogen and ash retained by a layer during a laying cycle is fairly small in relation to that retained in eggs or excreted in manure, body retention has only a slight effect on calculations of ash and nitrogen balance.
Results from this research showed that hens fed 15 g of CP/d had performance comparable with hens fed 17 g of CP/d when they received equal daily amounts of essential amino acids. No treatment effect was found on daily feed intake, rate of egg production, egg weight, or grams of egg produced per day. No differences were found in interior egg quality or in proportions of the egg that were albumen, yolk, or shell. When hens were fed 13 g of protein/d, the only observation that was different from those fed 15 or 17 g of protein was feed intake.
Less dietary protein intake resulted in less nitrogen in the manure, because daily nitrogen output in the egg was not affected by treatment. The present research provides reference information about ash and nitrogen contents of eggs and manure. Hen body retention has only a negligible effect on calculations of ash and nitrogen balance. Therefore, the balance method using the ash:nitrogen ratio in feed and manure is potentially a reliable and simple method to estimate ammonia emissions from laying facilities.
